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Summary
Introduction:  Distal  humerus  fractures  in  elderly  patients  are  often  complex  fractures  that  are
difﬁcult to  treat.  The  goal  of  this  study  was  to  report  on  the  results  of  a  multicentre  series
of internal  ﬁxation  of  AO  type  A,  B  and  C  distal  humerus  fractures  in  elderly  patients  and  to
identify the  pros  and  cons  of  various  ﬁxation  constructs.
Patients  and  methods:  Two  studies  were  performed.  One  was  a  prospective  multicentre  study
with 53  patients  and  the  other  was  a  retrospective  multicentre  study  with  289  patients,  all
above 65  years  of  age  and  with  a  recent  distal  humerus  fracture.  Patients  were  evaluated
based on  clinical  criteria  (history,  health  condition,  joint  range  of  motion,  Mayo  Elbow  Perfor-
mance Score)  and  radiological  criteria  (fracture  type,  union  of  fracture,  presence  of  malunion,
hardware condition).
Results:  Based  on  the  MEPS,  the  clinical  and  functional  results  were  relatively  satisfactory:
average  of  92  points  for  type  A,  82  points  for  type  B  and  88  points  for  type  C.  In  both  series,  type
B fractures  were  the  most  difﬁcult  to  treat  and  had  less  good  clinical,  functional  and  radiological
outcomes.  Most  of  the  complications  occurred  with  type  C  fractures;  these  consisted  mainly  of
nerve injuries  and  ﬁxation  failure/non-union.
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Discussion:  Although  these  fractures  are  difﬁcult  to  treat  and  have  an  appreciable  number
of complications,  the  functional  recovery  was  fairly  satisfactory.  One  of  the  most  challenging
aspects of  surgical  treatment  is  the  existence  of  osteoporosis  in  these  patients.  This  must  be
carefully  analysed  to  determine  if  an  indication  exists  for  total  elbow  arthroplasty.
Level of  evidence:  IV.
© 2013  Published  by  Elsevier  Masson  SAS.
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lntroduction
isplaced  distal  humerus  fractures  in  the  elderly  (more
han  65  years  old)  are  a  surgical  challenge  because  of  the
igh  frequency  of  comminution  and  underlying  osteoporosis
1—7].  As  with  any  fracture  ﬁxation,  anatomical  reduction
f  the  articular  surfaces  and  sufﬁcient  primary  stability  are
equired  to  allow  rehabilitation  to  start  as  quickly  as  pos-
ible,  so  as  to  avoid  stiffness.  Recently  introduced  locking
ompression  plate  (LCP)  systems  for  treating  distal  humerus
ractures  provide  undisputed  theoretical  mechanical  advan-
ages  [8].  However,  they  do  not  allow  all  possible  clinical
cenarios  to  be  addressed:  very  distal  fractures,  commin-
ted  fractures,  osteoporosis,  etc.  [6,7].
The  goal  of  this  study  was  to  report  the  results  of  vari-
us  types  of  internal  ﬁxation  for  the  management  of  distal
umerus  fractures  in  patients  above  65  years  of  age,  and
o  compare  the  various  types  of  constructs  used  by  frac-
ure  type  and  also  compare  the  results  of  ﬁxation  with
onventional  reconstruction  plates  versus  locking  compres-
ion  plates.  Only  fractures  stabilized  by  plate  ﬁxation  are
ncluded  in  this  article.  Data  on  total  elbow  arthroplasty
TEA)  and  conservative  treatment  will  be  described  in
nother  article.
atients and  methods
wo  multicentre  studies  were  conducted:  one  prospective
nd  one  retrospective.  The  inclusion  criteria  were  the  same
or  both  studies:  age  of  65  years  or  more;  clinical  and
adiological  follow-up  of  at  least  six  months;  isolated,  non-
athological  distal  humerus  fracture;  less  than  45  days
etween  fracture  event  and  treatment.
The  case  review  forms  captured  similar  for  both  studies:
reoperative  clinical  evaluation  of  the  patient  (history,  gen-
ral  condition,  Katz  score  [9],  ASA  score)  and  radiological
valuation  of  the  fracture  (standard  AP  and  lateral  elbow
-rays  for  the  retrospective  study  and  CT  scan  of  the  elbow
ith  3D  reconstruction  for  the  prospective  study)  used  as  a
asis  to  describe  the  fracture  according  to  the  AO  classiﬁca-
ion  system.  Subjective  evaluation  of  osteoporosis  on  X-rays
as  also  requested.  Any  injuries  related  to  the  fracture
tself  such  as  degree  of  openness  according  to  the  Cauchoix
lassiﬁcation  and  nerve  or  vascular  injuries  were  also  doc-
mented.  Details  of  the  surgical  procedure  were  analysed,
articularly  the  surgical  approach  used,  type  of  construct
pplied,  duration  of  procedure,  associated  procedures  and
arly  complications.  At  the  last  follow-up  visit,  the  following
linical  and  radiological  parameters  were  assessed  in  every
atient:  joint  range  of  motion,  elbow  ﬂexion  and  extension
c
T
o
otrength,  Katz  score,  Quick-DASH,  Mayo  Elbow  Performance
core  (MEPS)  [10],  union  of  fracture,  malunion  visible  in  AP
r  lateral  view,  presence  of  osteoarthritis.
rospective  study
he  prospective  study  involved  53  patients  having  an  aver-
ge  age  of  77.2  years  (range  65  to  94).  Women  made  up  79.2%
f  the  patients.  Few  patients  had  comorbidities;  they  were
lassiﬁed  as  ASA  1—2  in  69.8%  of  cases,  ASA  3  in  28.3%  of
ases  and  ASA  4—5  in  1.9%  of  cases.  According  to  the  AO
lassiﬁcation,  there  were  13  type  A  fractures,  14  type  B frac-
ures  and  26  type  C  fractures  (C1  =  13  cases,  C2  = 6  cases,
3  =  7  cases).  Two  patients  with  a  type  C  fracture  had  a  type
I  Cauchoix  open  fracture.  One  fracture  (type  A  fracture)
ad  an  accompanying  radial  nerve  injury.  Osteoporosis  was
etermine  to  be  present  radiologically  in  45%  of  cases.  Thirty
ercent  of  patients  had  a  history  of  an  osteoporotic  frac-
ure  (wrist,  proximal  humerus,  proximal  femur  or  vertebral
ompression  fracture).  Within  this  group,  the  average  Katz
core  was  5.8,  with  98%  of  patients  having  a  score  above
.  The  average  follow-up  was  10.6  months  (range  6  to  21
onths)  for  the  clinical  and  radiological  assessments.
etrospective  study
he  retrospective  study  consisted  of  289  patients  ﬁles
nvolving  62  type  A  fractures,  46  type  B  fractures,  181  type
 fractures  (C1  =  57  cases,  C2  =  55  cases,  C3  =  69  cases).  The
verage  age  of  this  cohort  was  77.6  years  (range  65  to  98),
ith  females  making  up  78.5%.  As  in  the  prospective  study,
atients  had  radiological  signs  of  osteoporosis  in  39.2%  of
ases  and  a  history  of  osteoporotic  fractures  in  20.1%  of
ases.  The  average  Katz  score  was  6.0  points  and  88.7%  of
atients  had  a  score  above  4.  In  this  group,  the  average
ollow-up  was  34.8  months  (range  6—142)  at  the  time  the
ecords  were  reviewed.
esults
rospective  study
opulation
n  this  group,  the  average  age  of  patients  was  signiﬁcantly
ower  than  in  the  TEA  group  (79  years,  range  65—93)  and
onservative  treatment  group  (84.7  years,  range  68—100).
he  preoperative  Katz  score  was  also  higher  in  the  group
f  patients  treated  by  internal  ﬁxation  relative  to  the  two
ther  groups  (5.8  points  vs.  5.0  points  vs.  4.8  points).
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Table  1  Patient  positioning,  surgical  approach  and  internal  ﬁxation  used  by  fracture  type.
Fracture  type  (AO
classiﬁcation)
A  B  C
Prospective
Patient  position
DD  10%  50%  13%
LD 90%  50%  82.6%
Preferred approach  Post  46.15%
Med/lat
30.8%
Lat  57.1%
Post  42.9%
Post  88.5%
1  Med/lat
Construct
1 plate  15.4%  35.7%  4.6%
2 plates  76.9%  14.3%  84.6%
Plates
Conventional 38.5%  42.9%  38.5%
Locking 38.5%  42.9%  50%
Retrospective
Patient position
DD  93.2%  35.6%  9.8%
LD 6.8%  60.0%  89.6%
Preferred approach  Post  57.4%
Med/lat
14.8%
Lateral
45.7%
Post  30.4%
Transolecranon
54.7%
Triceps
splitting
14.9%
Construct
1 plate  32.3%  30.4%  25.4%
2 plates  48.4%  15.2%  59.4%
Plates
Conventional 57.4%  76.1%  67.6%
Locking 39.3%  23.9%  29.5%
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fractures,  and  92%  of  patients  with  type  C  fractures.  There
were  a  signiﬁcant  number  of  malunions,  which  were  extra-
articular  in  15.4%  of  type  A  fractures  and  intra-articular
Table  2  Clinical  results  at  the  last  follow-up  in  the
prospective  series.
Fracture  type  A  B  C
Prospective
Flexion  124.6◦ 122.1◦ 118.3◦
Extension  17.7◦ 26.4◦ 19.8◦
Flexion—extension  range  93.5◦ 93.0◦ 101.3◦
MEPS  (points)  92.7  82.5  88.5
Excellent  76.9%  42.9%  61.5%DD: dorsal decubitus; LD: lateral decubitus.
Procedure
Information  on  patient  positioning  and  surgical  approach
used  by  fracture  type  is  given  in  Table  1,  as  are  the  type
of  construct  and  ﬁxation  material  used.  In  all  cases  where
the  posterior  approach  was  used,  the  ulnar  nerve  was  neu-
rolyzed,  but  transferred  in  only  13%  of  cases.  In  addition
to  plates,  K-wires  or  screws  were  added  in  the  column  not
captured  by  the  plate.  This  additional  ﬁxation  material  was
required  in  50%  of  cases  of  type  B  fractures.
Early  complications
Other  than  the  initially  identiﬁed  nerve  injury  described  pre-
viously  (type  A  fracture,  with  radial  nerve  lesion),  three
patients  had  immediate  postoperative  signs  of  nerve  injury
(one  radial  nerve,  thus  3.8%  and  two  ulnar  nerves,  thus
7.7%)  in  the  type  C  fracture  group.  Early  ﬁxation  failure
was  observed  in  one  patient  having  a  type  A  fracture  and
in  four  patients  with  a  type  C  fracture.  Revision  surgery  was
performed  in  all  these  patients  and  a  plate  or  additional
ﬁxation  screws  were  added.Clinical  results
Clinical  results  in  terms  of  range  of  motion  and  MEPS  are
shown  in  Table  2.  Although  a  110◦ functional  elbow  arc  ofotion  was  not  attained,  the  functional  scores  were  good
or  all  fracture  types.
adiological  results
he  radiological  results  are  summarized  in  Table  3.  Frac-
ure  union  occurred  in  100%  of  patients  with  type  A  and  BGood 15.4%  28.6%  30.8%
Average  0%  21.4%  0%
Poor 7.7%  7.1%  7.7%
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Table  3  Radiological  results  of  the  ﬁxation  in  the  prospec-
tive  series.
Fracture  type  A  (%)  B  (%)  C  (%)
Prospective
Union  100  100  92
Extra-articular
Malunion
15.4 14.3  4
Intra-articular
Malunion
0 21.4  4
Frontal malunion 0  0  0
Sagittal  malunion 15.4 7.7 4.2
Olecranon  non-union 0  0  25
Heterotopic  ossiﬁcation 7.7 35.7 24
Retrospective
Union  93.5  100  92.2
Extra-articular
Malunion
17.7 8.9  26.4
Intra-articular
Malunion
1.6 20.0 22.9
Frontal  malunion 14.5 8.9 21.3
Sagittal  malunion 12.9 4.4 16.7
Olecranon  non-union 1.6 2.3 3.9
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Table  4  Postoperative  complications  after  plate  ﬁxation  in
the retrospective  series.
Fracture  type  A  B  C
Early  complications
Nerve  injury
Ulnar  3.2%  4.34%  9.4%
Radial 3.3%
Median  0.6%
Wound healing  defect  1.6%  0%  5.6%
Infection  8.1%  0%  5%
Fixation  failure 8.1%  (R) 2.2%  (R) 7.8%  (R)
Complications  noted  at
last  follow-up
Cutaneous
impingement
9.8%  4.3%  16.7%
The symbol ‘‘R’’ indicates that early ﬁxation failures required
revision.
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Table  5  Clinical  results  and  Mayo  Elbow  Performance  Score
at the  last  follow-up  for  the  retrospective  series.
A  B  C
Retrospective
Flexion  124.6◦ 123.7◦ 118.6◦
Extension  17.1◦ 25.3◦ 25.9◦
Flexion-extension  range  105◦ 97◦ 93◦
MEPS  (points)  85.1  85.2  81.7
Excellent  46.6%  58.1%  40.9%
Good 36.2%  23.3%  34.8%Heterotopic  ossiﬁcation  11.3  24.4  30.2
n  21.4%  of  type  B  fractures.  type  C  fractures  operated
hrough  the  posterior  transolecranon  route  were  generally
ell  reconstructed,  but  the  olecranon  had  a  25%  non-union
ate,  which  mostly  explains  the  loss  of  strength  in  exten-
ion  experienced  by  these  patients.  But  the  small  number  of
atients  in  this  group  does  not  allow  any  statistically  conclu-
ions  to  be  made.  Heterotopic  ossiﬁcation  remains  an  issue
or  every  fracture  type,  and  ranged  from  7.7%  for  type  A
ractures,  to  35.7%  for  type  B  fractures.
etrospective  study
opulation
atients  in  the  retrospective  study  were  also  younger  than
n  the  total  elbow  replacement  group  (79  years,  range
5—93)  and  conservative  treatment  group  (84.7  years,  range
8—100),  and  had  a  better  preoperative  Katz  score  (5.7
oints  vs.  5.5  points  vs.  4.5  points).  Open  fractures  were
resent  in  20.1%  of  these  patients  (65%  Cauchoix  type  1,
9.3%  type  2  and  5.1%  type  3).  Fourteen  patients  (4.8%)  had
 nerve  injury  at  the  time  of  fracture.
rocedure
etails  about  the  procedure  (patient  positioning,  surgical
pproach,  construct  used)  are  given  in  Table  1.  Fixation
ardware  beyond  the  plates  was  required  in  this  series,
specially  with  type  B  fractures.arly  and  late  complications
omplications  associated  with  the  ﬁxation  are  reported  on
able  4.linical  results
he  range  of  motion  data  are  given  in  Table  5  and  were
omparable  to  those  found  in  the  prospective  study.  As  in
he  prospective  study,  the  MEPS  functional  index  was  good
t  the  last  follow-up.  However  the  results  were  deemed
nsatisfactory  in  nearly  one  in  four  patients  (24.4%)  with
ype  C  fractures.
adiological  results
adiological  results  are  given  in  Table  3. Use  of  olecranon
steotomy  resulted  in  a  non-union  rate  of  only  3.9%  in  the
ype  C  fracture  group,  which  was  signiﬁcantly  lower  than  in
he  prospective  study.  The  rate  of  heterotopic  ossiﬁcation
as  high  in  all  three  groups  and  contributed  to  the  functional
lbow  arc  of  motion  being  less  than  110◦.  Osteoarthritis
orsened  over  time,  especially  in  patients  with  type  C  frac-
ures.  But  we  could  not  determine  if  this  osteoarthritis  was
elated  to  the  presence  of  an  intra-  or  extra-articular  mal-
nion  or  solely  related  to  the  comminuted,  intra-articular
ature  of  the  fracture  (Table  6).Average  12.1%  11.6%  14%
Poor 5.2%  7%  10.4%
Results  of  plate  ﬁxation  for  distal  humerus  fractures  in  elderly  p
Table  6  Osteoarthritis  at  the  humeroulnar  joint  observed
at the  last  follow-up  in  the  retrospective  series,  based  on
the Broberg  and  Morrey  classiﬁcation.
Grade  A  (%)  B  (%)  C  (%)
Osteoarthritis  0  72.1  35.6  43.3
1 23  44.4  36
2 3.3  17.8  15.7
3 1.6  2.2  5.1
Grade 0: normal joint; Grade 1: joint space less than 50% nar-
rowed and minimal osteophytes; Grade 2: joint space more than
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no  major  shifts  in  the  current  practice  with  the  advent  of50% narrowed and moderate osteophytes; Grade 3: no joint
space left.
Comparison  between  studies
Because  of  methodological  factors,  we  could  not  statistically
compare  results  from  the  prospective  and  retrospective
studies.  However,  we  were  able  to  identify  certain  trends.
Clinical  results
No  patient-speciﬁc  factors  were  identiﬁed  that  affected  the
MEPS  performance  index.  But  there  were  trends  for  gender,
injured  side,  patient’s  living  situation,  neuropsychiatric
history  and  especially  radiological  signs  of  osteoporosis.
Radiological  results
There  were  no  differences  in  the  type  of  construct  and  ﬁx-
ation  material  used  between  the  two  series.  The  type  of
ﬁxation  material  used  (plate  with  or  without  locking  screws)
was  compared  to  the  number  of  revisions,  non-union  rate
and  clinical  results.  No  patterns  were  found.  LCPS  do  not
need  to  be  used  in  this  type  of  fracture  to  obtain  satis-
factory  clinical  and  radiological  results.  Results  with  type  C
fractures  were  worse  in  the  retrospective  study  than  in  the
prospective  study,  which  had  fewer  cases  of  olecranon  non-
union.  The  results  deteriorated  over  time,  probably  because
of  the  development  of  osteoarthritis,  although  its  impact
was  not  signiﬁcant.
Discussion
The  main  limitations  of  this  work  are  its  multicentre  design,
retrospective  nature  and  lack  of  control  group,  even  in  the
prospective  study  where  the  cohort  was  followed  prospec-
tively,  with  all  the  biases  this  includes.  Lack  of  consistency  in
surgeon  preferences  and  experience  (junior,  senior)  is  also
a  factor.  Although  it  was  not  possible  to  draw  any  broad
statistically-signiﬁcant  conclusions,  trends  could  be  identi-
ﬁed.
Distal  humerus  fractures  in  persons  above  65  years  of  age
remain  difﬁcult  to  treat  because  of  the  presence  of  osteo-
porosis,  which  can  be  hard  to  quantify  and  can  make  the  hold
of  the  ﬁxation  hardware  precarious.  Often  these  fractures
are  complex  because  of  joint  involvement  and  comminution.
The  success  or  failure  of  these  reconstructions  is  based  on
factors  related  to  the  patient,  the  surgical  procedure  itself
and  the  postoperative  period.
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atient  and  fracture  type
ge  is  the  main  predictor  of  poor  outcome  in  our  series
nd  other  published  studies  [11].  Fracture  type  is  also  an
mportant  prognostic  factor,  either  because  it  involves  the
oint  (type  C  fractures  mainly)  or  because  of  the  difﬁcul-
ies  encountered  when  the  surgeon  tries  to  obtain  sufﬁcient
rimary  stability  for  the  construct  used.  These  elements
onsistent  with  other  published  studies  [12—14].
rocedure
he  treatment  strategy  seems  crucial,  including  the  choice
f  surgical  approach.  The  chosen  approach  must  allow  the
racture  to  be  reduced  adequately,  plates  to  be  inserted  and
oft  tissue  and  nerves  to  be  managed  to  achieve  acceptable
orbidity.  Many  surgical  approaches  have  been  described
15,16]  but  only  the  most  common  ones  were  used  in  our
wo  studies.  For  more  complex  fractures,  the  transolecranon
oute  provides  a  good  view  of  the  articular  surface.  But  our
esults  showed  that  olecranon  osteotomy  is  associated  with
 signiﬁcant  non-union  rate,  which  negatively  affected  the
esults.
High-quality  ﬁxation  is  essential  for  good  results  [17].  The
old  standard  treatment  consists  of  ﬁxation  with  one  or  two
lates,  depending  on  the  type  of  fracture.  A  two-plate  con-
truct  is  recommended  for  intra-articular  fractures.  Because
he  loads  on  the  distal  humerus  typically  result  from  a
wisting  action,  the  aim  should  always  be  to  reconstruct
oth  humeral  columns.  The  failure  rate  for  a  single,  non-
ocking  plate  construct  is  reported  to  be  5—30%,  mainly  due
o  secondary  displacement  [18,19].  This  type  of  unilateral
onstruct  is  also  associated  with  a  high  rate  of  non-union
2—11%)  because  of  a  lack  of  stability  [20—23].  These  ﬁnd-
ngs  triggered  the  development  of  dual-plate  (orthogonal  or
arallel)  constructs.  Anatomical  systems  with  locking  screws
sed  in  the  plate  have  recently  been  available.  These  con-
tructs  must  allow  the  articular  surface  and  arch  formed
y  the  two  columns  of  the  distal  humerus  to  be  recon-
tructed  [24].  Recent  studies  appear  to  show  that  clinical
esults  are  better  with  angular  stability  plates  [25,26]  rela-
ive  to  reconstruction  plates,  including  two-plate  constructs
11,23,27,28]. Although  it  is  important  to  use  anatomical
lates  on  each  column,  our  study  data  does  not  allow  us  to
ategorically  conclude  that  using  perpendicular  or  locking
crew  constructs  are  advantageous.
ostoperative  period
t  is  also  essential  for  the  construct  to  be  immediately  sta-
le  postoperatively,  as  this  allows  patients  to  start  moving
heir  joint  and  limits  the  development  of  stiffness  [8].  The
ecovery  of  elbow  joint  range  of  motion  in  our  series  was
omparable  to  that  achieved  in  other  published  series  in  a
omparable  patient  population  [25,29—32].  Our  study  foundlates  with  locking  screws.  Osteoporosis  is  truly  the  biggest
actor  hindering  surgeons,  as  it  restricts  early,  aggressive
ehabilitation.
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onclusions
his  study  did  not  allow  us  to  paint  a  picture  of  the  ideal  frac-
ure  that  should  be  treated  by  internal  ﬁxation.  At  least  for
O  type  A  and  B  fractures,  ﬁxation  provides  the  best  results
f  the  patients  had  little  medical  history,  no  neuropsychi-
tric  disorders  and  if  the  fracture  occurs  on  the  dominant
ide.  But  for  type  C  fractures,  no  predictive  variables  were
ound  in  our  two  series.  But  in  all  cases,  independent  of  the
racture  type,  the  main  predictor  of  failure  is  osteoporosis,
hich  increases  four-fold  the  risk  of  clinical  and  radiological
ailure  regardless  of  the  type  of  construct  or  hardware  used.
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